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Air Force Systems Command 
Rome Air Development Center 
Griffiss Air Force Base 
New York 13441 
Attention: Mr. Tom Shields, OCDR 
Reference: Contract F30602-75-C-0118 
Title: 	RADC Post-Doctoral Program (C-E Systems), Broadband 
Measurement System 
Subject: 	Quarterly Status Report No. 1 
Gentlemen: 
Authorization for a Broadband Measurement System study subtaSk under 
the referenced contract was effective 30 July 1976. This status report 
summarizes progress under that subtask for the period 30 July through 
31 October 1976. This project is being conducted in the Electromagnetic 
Effectiveness Division of the Engineering Experiment Station at Georgia 
Tech, and it has been assigned the internal project number of A-1885. 
The project is under the direct supervision of Mr. J, D. Adams, Project 
Director, and under the general supervision of Mr. F.L. Cain, Electromagnetic 
Effectiveness Division Chief. Official Quarterly Summaries are submitted 
through Dr. D. T. Paris, Director of the Georgia Tech Electrical Engineering 
School and administrator of the Post Doctoral Program for the Southeastern 
U.S. However, these quarterly summaries for each individuals subtask are 
of necessity quite brief. Therefore, to keep the sponsor of this subtask 
more fully informed, an additional Quarterly Status Report will be submitted 
directly from the Project Director. 
Recall that the goal of this study project is to complete system design 
of the broadband phase and amplitude measurement system to the component 
selection level so that breadboard implementation of a 2-4 GHz system can 
begin upon initiation of a new anticipated contractual effort. System concept, 
system requirements, and a system design to the block diagram level have been 
described in the Final Technical Report on Contract F30602-75-C-0065. During 
this quarter, efforts have been devoted toward reviewing the system require- 
ments and selecting components for the transmitter portion of the system. 
The transmitter subsystem block diagram which Georgia Tech developed under 
Contract F30602-75-C-0065 is shown in Figure 1, and the receive site subsystem 
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Figure I. Stablized pr)grammable WWV-locked transmitter system concept. 
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block diagram is shown in Figure 2. The group delay system requires modula-
tion of the carrier to produce two equally spaced coherent sidebands. The 
phase delay between these sidebands is measured after the carrier plus side-
bands have propagated through the device under test. After appropriate 
phase correction to account for other phase delays in the system, the phase 
dispersion versus frequency of the test device is obtained by integration 
of the phase delay versus sideband separation data as the carrier is stepped 
across the measurement range of interest. Thus, Figure 1 consists of a 
stabilized microwave source which may be programmed to automatically "step" 
across a selected frequency range in a recursive manner, a modulator, a 
modulating source (shown as a WWV-locked oscillator), and a traveling wave 
tube (TWT) amplifier if required to raise the radiated power level. One 
requirement on the modulating source and a similar demodulating source at the 
receive site is that the relative phase between their outputs be constant 
over a measurement interval on the order of tens-of-seconds. To permit 
operation of the transmit and receive-site subsystems without a direct link, 
these two sources may achieve phase synchronization by phase locking to a 
common source such as a WWV standard frequency broadcast, as shown in Figures 
1 and 2. However, in certain situations, a direct coaxial cable link between 
the transmit and receive sites may be the more cost-effective approach. 
On the current program, a full set of components has been tentatively 
selected for the transmitter subsystem of a 2-4 GHz breadboard system. 
Figure 3 is a block diagram of this subsystem, showing the selected components 
and the most critical parameters affecting the interfaces between the various 
components. The controller in this subsystem is a programmable desk-top 
calculator. The basic signal source is the programmable sweep oscillator 
which was purchased and used on Contract F30602-75-C-0065. This source is 
phase locked to a UHF synthesizer to obtain frequency stability and low 
phase noise. The sideband modulating source is a HF synthesizer; for the 
breadboard system, a reference 5 MHz output from this synthesizer is routed 
by coaxial cable to a similar demodulate synthesizer at the receive site. 
Table I lists the required components and the costs for this subsystem. 
Total estimated transmitter cost is $23,720. The tentatively selected 
components of Table I will be re-evaluated as complete system design progresses. 
One selection in particular which may change is the programmable controller. 
It may prove practical to use the same component as both the transmit and 
the receive site controller. In such a case, a more sophisticated instrument 
than the HP 9820A Calculator will be required. This question will be re-
solved as recieve site component selection evolves. 
During this quarter, Mr. J. D. Adams visited RADC on 2 September for 
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3b. HP 86631B Synthesizer Auxillary Section 300 
3c. HP 86602B Synthesizer RF Section 4,300 
4. HP 9820A Calculator 4,175 
5. Anzac D-1-4 Doubler 150, 
6. HP 10631A ASCII Cables 70 
7. Anaren 70666 Double Sideband Modulator 175 
8. HP 3320A HF Frequency Synthesizer 2,330 
9: HP 59301A ASCII-Parallel Converter 575 
10. Weinschell Model 430A Sweep Oscillator with 
Model 432A RF Pulg-in 
11. Hughes Model 1177H01 TWT Amplifier 
- * Previously purchased under Contract F30602-75-C-0065 
(Project A-1694) 
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IEEE AP-S Symposium/USNC-URST 1976 Annual Meeting to deliver a paper des-
cribing the measurement system which is being developed for RADC. During 
the next quarter, receive - site components will be selected. 
12Pqnprtfnlly 
J. Dayton Adams 
Project Director 
Approved: 
Fred L. Cain 
Chief, 
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FOREWORD 
This effort was conducted by the Engineering Experiment Station of the 
Georgia Institute of Technology, under the sponsorship of the Rome Air Develop-
ment Center Post-Doctoral Program, for the Rome Air Development Center (RADC). 
Mr. Tom Shields of RADC was the task project engineer and provided overall 
technical direction and guidance. 
The RADC Post-Doctoral Program is a cooperative venture between RADC 
and some sixty-five universities eligible to participate in the program. 
Syracuse University (Department of Electrical and Computer Engineering), 
Purdue University (School of Electrical Engineering), Georgia Institute of 
Technology (School of Electrical Engineering), and State University of New 
York at Buffalo (Department of Electrical Engineering) act as prime con-
tractor schools with other schools participating via sub-contracts with the 
prime schools. The U.S. Air Force Academy (Department of Electrical Engineering), 
Air Force Institute of Technology (Department of Electrical Engineering), 
and the Naval Post Graduate School (Department of Electrical Engineering) 
also participate in the program. 
The Post-Doctoral Program provides an opportunity for faculty at 
participating universities to spend up to one year full time on exploratory 
development and problem-solving efforts, with the post-doctorals splitting 
their time between the customer location and their educational institutions. 
. The program is totally customer-funded with current projects being under-
taken for Rome Air Development Center (RADC), Space and Missile Systems 
Organization (SAMSO), Aeronautical Systems Division (ASD), Electronic 
Systems Division (ESD), Air Force Avionics Laboratory (AFAL), Foreign Tech-
nology Division (FTD), Air Force Weapons Laboratory (AFWL), Armament 
Development and Test Center (ADTC), Air Force Communications Service (AFCS), 
Aerospace Defense Command (ADC), Hq USAF, Defense Communications Agency 
(DCA), Navy, Army, Aerospace Medical Division (AMD), and Federal Aviation 
Administration (FAA). 
Further information about the RADC Post-Doctoral Program can be ob-
tained from Jacob Scherer, RADC, telephone AUTOVON 587-2543, commercial 
(315) 330-2543. 
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SECTION I 
SUMMARY 
Current and projected radar and communication systems for many appli-
cations will require increased signal bandwidth to satisfy requirements for 
greater range resolution and accuracy (radar systems) and high data rates 
(communication systems). For some radar applications, pulse widths on the 
order of one-nanosecond, which corresponds to range resolutions of about 
six inches, are currently being considered. Generation, radiation, and 
reception of a nanosecond pulse will demand a signal bandwidth of at least 
1 GHz. In communication applications, it has been predicted that within 
the next ten years we will see the realization of 2.5 GHz bandwidth communi-
cations systems in the 20 and 30 GHz regions [1]. Past techniques for 
broadband measurements have been limited and inflexible. This deficiency has 
been particularly notable with respect to broadband high gain microwave 
antennas. To alleviate this problem, the Rome Air Development Center has 
sponsored a series of research programs at Georgia Tech to develop innovative 
techniques for the evaluation and analysis of a variety of microwave trans-
mission-type devices, including broadband antennas. These research pro- 
grams have been conducted under contracts F30602-73-C-019 and F30602-75-C-0065. 
The results of these studies have been described in technical reports [2,3] 
and the open literature [4,5,6]. 
On the first of these research programs, under Contract F30602-73-C-
0194, various broadband measurement techniques were synthesized and evaluated. 
Preliminary design of a broadband swept frequency amplitude-only system was 
completed, and the two different approaches toward realization of a phase 
1G.L. Cuccia, "Status Report: Solid State Baseline of Telecommunications 
into the 1980's", Microwave Systems News, pp. 97-102, April/May 1976. 
2J. D. Adams, F. L. Cain, and C. E. Ryan, Jr., Broadband Antenna Measure-
ment techniques, RADC-TR-74-222, Final Technical Report, Contract F30602-
73-C-0914, September 1974. 
3J. D. Adams, W. P. Cooke, and B. J. Cown, Broadband Antenna Measurement  
Techniques, RADC-TR-76-190, Final Technical Report, Contract F30602-
75-C-0065, June 1976. 
4J. D. Adams and F. L. Cain, "Investigation of Broadband Antenna Measure-
ment Techniques," 1974 Int. IEEE/AP-S Symposium Digest,  pp. 39042, 
June 1974. 
5J. D. Adams and W. P. Cooke, "A 2-4 GHz Broadband Antenna Measurement 
System," 1976 Int. IEEE/AP-S Symposium Digest, pp. 300-303, October 1976. 
6J. D. Adams and W. P. Cooke, "New Techniques for Broadband Antenna Measure-
ments," USNC/URSI 1976 Annual Meeting, pp. 72-73, October 1976. 
1 
and amplitude measurement system were identified. Under the second phase 
of these programs (Contract F30602-75-C-0065), an S-band (2-4 GHz) swept 
frequency amplitude-only system was designed, breadboarded, and tested on 
the antenna range. In addition, further tradeoff studies of the two phase 
and amplitude measurement approaches were completed, and preliminary design 
of the selected phase-and-amplitude system was carried out. 
On the present task, under the RADC Post Doctoral Program, a brief 
system analysis effort has been conducted. This effort has provided complete 
analysis and design of a breadboard system for demonstration of this power-
ful new broadband phase-and-amplitude measurement tool. This effort has 
concentrated on defining an S-band (2-4 GHz) system. This system definition 
has been carried through the component selection process. In most cases, 
off-the-shelf commercially available components are suitable for implemen-
tation of the breadboard demonstration system. These components are 
identified in this report. Certain required signal and data processing 
circuits are not commercially available. However, their realization is 
within the state-of-the-art, and Georgia Tech can now proceed with system 
implementation at the direction of RADC. Implementation of this system 
would provide the Air Force with critically needed capability to test 
performance of broadband components which will be developed to meet systems 




To meet the demand for higher resolution pulsed radar and high data 
rate communications systems, radar components must be developed and charac-
terized over wider bandwidths. Broadband components are required in the 
transmitter, receiver, and antenna portions of these systems. At the 
present time, there is no satisfactory state-of-the-art technique available 
for completely characterizing all of the required broadband components, 
particularly broadband directive microwave antennas. However, under previous 
RADC contracts, Georgia Tech has developed a broadband amplitude-only measure-
ment concept and demonstrated the usefulness of this system through a 2-4 
GHz breadboard. In addition, preliminary design of a broadband phase-and-
amplitude system, which is applicable to both far-field antenna range and 
laboratory-type measurements, has been completed. 
Measurement of amplitude only information can be considered as a first 
step in_the characterization of broadband radar components. Such information 
characterizes the component in the frequency domain. As an example, con-
sider the component to be a high gain antenna. If the antenna does not have 
a well behaved broadband pattern, it may not provide satisfactory radar 
performance, regardless of its phase properties, which affect the pulse 
characteristics. In addition, in the antenna case, broadband spatial 
characterization is important from the electromagnetic compatibility (EMC) 
and the electronic countermeasure (ECM) viewpoints. Measurement of broad-
band patterns may reveal properties not anticipated from a conventional 
CW measurement. Consider the two spatial antenna patterns shown in Figures 
1 and 2. Figure 1 is the CW pattern, at 3500 MHz, of a four-foot para-
boloidal reflector fed by a dielectrically loaded C-band horn. Figure 2 
shows the broadband pattern of this same antenna for a bandwidth of 1000 
MHz centered at 3500 MHz. These patterns were taken with the system 
developed by Georgia Tech under Contract F30602-75-C-0065. Thus, broadband 
amplitude data yields important information not provided by conventional 
CW measurement systems. 
In addition to broadband amplitude information, in many cases knowledge 
of a second quantity--broadband phase information--is also required. If 
these two quantities are known for a component under consideration, then 
that component is completely characterized. Stated another way, both phase 
and amplitude data are necessary to characterize components for broadband 
radar and communication systems. For example, both phase and amplitude 
information would be necessary in determining an antenna's effect upon pulse 
shape or in defining radar pulse compression performance limitations. 
Further, if a component's phase properties are known, compensation networks 
can be added to achieve more nearly ideal system performance. Another area 
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Georgia Tech has completed the design of a new system for making broad-
band (typically one octave) phase-and-amplitude measurements in either the 
laboratory or on a far-field antenna range. This system is unique in that 
it is based on an automated octave bandwidth measurement of group delay 
distortion and amplitude information to derive octave bandwidth phase and 
amplitude transfer properties of a variety of microwave components. This 
system may be considered to be a broadband,computer-controlled,swept- 
frequency diagnostic tool. In the antenna case, measured phase and amplitude 
data can be digitally processed to determine any antenna property which 
is desired, such as broadband average gain, broadband average spatial patterns, 
CW patterns or gain at any selected discrete frequency within the frequency 
sweep range, and pulse distortion effects. It should be emphasized that such 
a measurement and use of antenna phase information represents a new dimension 
in microwave antenna testing. 
The group delay measurement system which Georgia Tech has designed 
is based on a measurement of the relative phase between two coherent side-
bands of a modulated carrier. Consider the modulation of an RF carrier to 
produce two phase-coherent sidebands spaced an equal frequency increment 
above and below the carrier. When the resultant waveform (carrier-plus-
sidebands) is passed through the component (e.g., an antenna) under test, 
each constituent part of the waveform will undergo a phase delay which is 
a characteristic of that frequency for that component under test. After 
propagating through the component under test, the sidebands may be "stripped 
off" of the carrier,and the relative phase between them may be determined. 
From a series of measurements as the carrier is stepped across the frequency 
range of interest, a curve of measured phase delay versus frequency may be 
derived. In general, to obtain the phase delay of a single component, the 
phase characteristics of other components in the RF path must be known. 
Ideally, one would measure the phase difference d(1) between two sidebands 
separated by a frequency difference dw at a carrier frequency we and then 
integrate to obtain the phase function cl). However, in a real measurement 
system the sideband separation would be non-zero so that 4/dw would be 
approximated by Acp/Aw in which Aw is the sideband separation. The AcP/Aw 
may then be digitally integrated to obtain the phase function. 
A general block diagram of a group delay transmit site is shown in 
Figure 3, and a corresponding receive site block diagram is shown in Figure 4. 
The relative phase between the modulator (at the transmit site) and the 
demodulator (at the receive site) must be constant during a set of measure-
ments. With a stable modulation reference path and phase-locked modulate 
and demodulate signals this relative phase is constant, and the measured 
differential phase is directly proportional to the sideband frequency 
difference and the dispersion in the network. This indicates that there are 
two ways to use sideband differential phase measurements to measure phase 
characteristics of an antenna. These two ways are (1) keep the modulating 
frequency, wr , constant and sweep the carrier, or (2) keep the carrier constant 
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Figure 3. Stabilized programmable WWV-locked transmitter system for group 
delay measurements, general block diagram. 

































Figure 4. Computer controlled phase-and-amplitude receiver site, general block 
diagram. 
would require instantaneous IF bandwidths of up to 1 GHz-for various mixers, 
amplifiers, etc. With Method (1), any departure from constant 1(P/ow 
as the carrier is swept would be due to total dispersion in the measure-
ment channel (including test antenna). To determine dispersion due to the 
test antenna, the measurement channel must be calibrated; that is, its 
phase characteristics without the test antenna must be known. From this 
calibration data and the measured Acp/Aw, the test antenna phase response 
can be found. 
Phase locking of the modulate and demodulate sources can be accomplished 
by several means, including (1) a direct coaxial cable hookup between the 
two sites, (2) a microwave link, and (3) phase locking of both sources to a 
common highly stable reference. For short distances over even terrain, the 
most economical approach in many cases will be a direct coaxial cable hook-
up. However, for very long distances and/or very rough terrain, running a 
coaxial cable may not be practical. Thus, it is desirable that the system 
design provide for phase locking with no direct hookup. 
Cost estimates indicate that a microwave link would be about five times 
more costly than common modulate and demodulate synchronization to WWV. 
In addition, microwave links at more than one carrier frequency might be 
required in order to prevent interference with the test signal. Phase 
locking to the National Bureau of Standards (NBS) radio station WWV is the 
preferred approach for cases where a direct link cannot be used. 
Returning to a discussion of the transmit site block diagram, the 
Programmable Microwave Frequency Stabilizer operates under remote control 
inputs from a terminal which is commanded by an on-site operator. The 
Programmable Microwave Frequency Stabilizer in turn controls the frequency 
of the Microwave RF Sweeper, and stabilizes its output to an accuracy 
equivalent to that of the UHF Synthesizer. Except for the common phase 
locking to WWV described above, the transmit site sub-system and the receive 
site sub-system may be "free-running", requiring no direct cable or 
telephone hookup. 
The phase-and-amplitude receiver of Figure 4 is a phase-locked super 
heterodyne type which employs harmonic mixing. This receiver is generally 
similar in operation to the well-known Scientific-Atlanta Series 1750 
receivers except that it employs a frequency-agile YIG tuned local 
oscillator and it is fully computer compatible. With the appropriate inter-
faces, all measured quantities are available in a digital format. Special 
processing circuits accept the receiver 1 kHz output signals to determine 
the relative phase between the sidebands. 
This section has presented a general discussion of the Georgia Tech 
broadband phase-and-amplitude system concept. The following section will 
present a detailed description of the 2-4 GHz system which has been defined 
for breadboard system. A more detailed technical discussion of the Georgia 
Tech group delay system concept may be found in Reference 3. 
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SECTION III 
DESCRIPTION OF BREADBOARD SYSTEM 
A. System Components  
The goals of this brief system analysis task were (1) to complete 
system design of the system concept described in the previous section, and 
(2) to perform component tradeoff and selection studies to define a system 
for breadboard implementation. This section will describe the 2-4 GHz 
system which has been configured. 
A general transmit-site block diagram has been given in Figure 3. Table 
I lists the basic requirements of this transmitter subsystem for group delay 
and amplitude measurements. This subsystem provides the stimulus for phase 
and amplitude measurements. Most of the listed requirements are self-
explanatory. Since group delay measurements are to be made, low phase noise 
is required. Selectable frequency step size is required so that either very 
fine resolution relatively narrow band or less resolution broadband data 
can be measured. The fine resolution case requires a highly stable carrier 
(100 Hz out of 4 GHz = 2.5 x 10-8 ). Figure 5 shows a block diagram of the 
breadboard 2-4 GHz transmitter subsystem with specific components identified 
for each of the blocks. The components which are identified represents a 
cost effective implementation of the desired transmitter functions. The 
2-4 GHz Weinschell Sweep Oscillator and the Hughes TWT Amplifier from 
Contract F30602-75-C-0065 are utilized. The required components are listed 
in Table II. These components will provide complete programmability and 
automatic operation of the transmitter subsystem. 
Table III presents the basic requirements of the receiver subsystem. 
This subsystem performs the phase and amplitude measurements and records 
the data on magnetic tape. A block diagram of the breadboard receiver 
subsystem with specific component selections is shown in Figure 6. This 
breadboard system might be termed semi-automated since it does require 
an operator for control of the test antenna angle scan. With this 
exception, operation of the subsystem is automatic. This degree of auto-
mation was chosen to limit cost of the breadboard system. Full automation 
can,, of course, be implemented, if desired. Data measurement and recording 
are controlled by the on-site programmable controller. This controller 
also provides for temporary storage of each block of data. Additional on-
site tape or disc storage would also be needed. A listing of the required 
receiver subsystem components is given in Table IV. Note that the special 
sideband processing circuit must be designed and developed by Georgia Tech. 
B. System Control  
The receiver subsystem and the transmitter subsystem are each under 
independent control of their respective on-site controller. Both of these 
controllers are programmable, and they operate under software control. 
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TABLE I 
BASIC TRANSMITTER SUBSYSTEM REQUIREMENTS 
RF source must be programmable in frequency over one octave. 
2. RF source output must be highly stable (stability of lx10 -7 /day 
and 1x10-9 /hr) with low phase noise (-90 dBc 100 kHz from carrier 
in 1 Hz bandwidth). 
3. Real time (on site) test frequency control. 
4. Phase coherent upconverter to produce carrier and two sidebands. 
5. Leveled power output from RF source of approximately 10 dBm. 
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Figure 5. Block diagram of the selected 2-4 GHz transmit site subsystem. 
TABLE II 
BREADBOARD PROGRAMMABLE GROUP DELAY TRANSMITTER COMPONENTS 
1. HP 8709A Synchronizer 
2. HP 8709A-K18 Mixer 
3a. HP 8660 C UHF Synthesizer with Options 001, 005, 
and 100 
3b. HP 86631B Synthesizer Auxiliary Section 
3c. HP 86602B Synthesizer RF Section 
4. 9815 A Calculator with options 001 and 002 
HP 98135A HP-1B Interface 
5. Anzac D-1-4 Doubler 
6. HP 10631A ASCII Cables 
7. Anaren 70666 Double Sideband Modulator 
8. HP 3320A HP Frequency Synthesizer 
9. HP 59301A ASCII-Parallel Converter 
10. Weinschell Model 430A Sweep Oscillator with 
Model 432A RF Plug-in* 
11. Hughes Model 1177H01 TWT Amplifier* 
*Previously purchased under Contract F30602-75-C-0065 
TABLE III 
BASIC RECEIVER SUBSYSTEM REQUIREMENTS 
1. Perform phase, amplitude, and frequency measurements under 
"computer" control. 
2. Provide automatic frequency tracking of transmitted test 
signal. 
3. Provide capability of both direct relative phase and group 
delay measurements. 
4. Provide for "real time" storage of data for complete spatial 
pattern cut (100K - 200K data words). 
5. Provide for display of selected single frequency (CW) 
spatial patterns. 
6. Require no direct hardline or telephone hookup to transmit 
site. 
7. Have a dynamic range of 50-60 dB. 
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Figure 6. Simplified block diagram of receive site subsystem for breadboard demonstration. 
TABLE IV 
BREADBOARD RECEIVER SUBSYSTEM COMPONENTS 
1. Programmable Receiver, S/A Model 1771-1 
2. Digital Phase Converter and Display, S/A Model 1823-1 
3. Digital Amplitude Converter and Display, S/A Model 1833A-
10-1 
4. Digital Frequency Counter and Display, DANA/EIP Model 
351D with Option 16 
5. Digital Positioner Programmer, S/A Model 2011 
6. Synchro-to-Digital Converter Natel Engineering Model 4071-D 
with Options 3, 4, and 5 
7. High Gain 5 MHz Amplifier, Anzac Model AM-105 
8. Programmable Controller & Data Storage, HP Model 9825A with 
Opt 002 and Accessories 98210A and 98214A 
9. Interface - HP 98032A, 98033A (two), 98034A, 9878A, and 
Misc. M&S 
10. Sideband Processor - Georgia Tech design and develop 
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The transmitter subsystem controller (HP 9815A) controls the interaction 
of the UHF Synthesizer, the Synchronizer and the Programmable Sweep Oscil- 
lator to generate stable microwave carrier signals at the desired frequencies. 
Programming required to achieve this control is minimal. Operator inputs 
to the controller include Frequency End Points, Frequency Step Size, and 
Frequency Step Rate. For each frequency, the controller will then set 
the UHF Synthesizer to the proper reference frequency and the Sweep 
Oscillator to the approximate output frequency. Then the Synchronizer 
phase-lock loop takes over and removes any error in this frequency. 
Control of the receive subsystem requires a more extensive software 
package. Receiver operation and data measurement must be synchronized 
with the transmitted frequencies and the angular rotation of the test 
antenna. Furthermore, the recorded phase and amplitude data must be 
properly tagged with frequency and test antenna position to permit analysis 
of the data. A logic flow diagram for the receiver subsystem controller 
is shown in Figure 7. Angle (max) defines the limits over which the spatial 
data are desired, I(max) defines the number of frequency steps, F(min) is the 
lower limit of the test frequency range, A is the test antenna angular 
position increment, and N is the number of such angular increments for which 
data are to be recorded. Basically, as the test antenna continuously rotates 
under operator control, and as the receiver locks onto each new test frequency, 
measured amplitude, phase, frequency, and angle data will be recorded. 
Since the receiver subsystem controller coordinates and directs the 
measurement and recording of data, computer-type interfaces are required 
between the measurement instruments and the controller. Table V summarizes 
the characteristics of these interfaces in the selected instruments. A 
summary of the HP-9825 Controller interface characteristics is given in 
Table VI. 
C. System Level Parameters and Expected Accuracy  
As indicated earlier, the chosen group delay measurement approach is 
to step the carrier frequency while the modulation frequency remains fixed. 
The following example will illustrate the data handling rate and the data 
storage capacity which would be required in a typical measurement. For this 
measurement system, there are two sample variables to be considered: 
frequency and test antenna spatial position. The measurement concept involves 
stepping the transmitter carrier frequency across the desired measurement 
range at a series of test antenna spatial orientations. The upper limit 
of the receiver frequency track rate is 10 MHz/msec. However, 100 msec 
must be allowed between each frequency step to allow the transmitter and 
the receiver output circuits to stabilize. At each frequency point, 
4/Aw, carrier frequency, and test antenna relative amplitude response 
must be measured. The measurement of these three data points each 100 msec 
implies a data rate of 30 Hz. Additionally, as a minimum, spatial position 
must be recorded at the beginning of each frequency sweep. However, for 
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Figure 7. Representative logic flow diagram for receive site controller 
(continued). 
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SUMMARY OF INSTRUMENTS-TO-COMPUTER INTERFACES 
1. S/A 1833-10 (Option 1) Logarithmic Ratiometer (parallel BCD output) 
DATA (13 lines of parallel 8421 BCD) 
SIGN (+ is DTL high) 
MULTIPLIER (10 -1 or 10 -2 ) 
OVER RANGE (Logic 1 = over range) 
MEASUREMENT IN PROGRESS (DTL low prevents instrument from being 
updated or triggered) 
READ INHIBIT (DTL low as long as MIP or UPDATE INHIBIT are low) 
UPDATE INHIBIT (DTL low prevents the display and BCD outputs from 
updating) 
EXTERNAL TRIGGER (DTL high-to-low transition initiates measurement) 
DATA LAMP (DTL high each time display is updated) 
2. S/A 1771-1 Programmable Receiver 
OUTPUTS (Interrupt, phase Lock Status, Signal Level Status, and 
Receiver Tuned Frequency) 
3. S/A 1822 Digital Phase Display 
DATA (13-line parallel 8421 BCD) 
SIGN 
EXTERNAL TRIGGER (DTL high-to-low initiates measurement) 
DISPLAY INHIBIT (DTL low prevents display and BCD output from 
updating) 
MEASUREMENT IN PROGRESS (goes to ground during measurement averaging 
period) 
4. Natel Model 4071D Synchro-to-Digital Coverter and Display 
DATA (14-bit natural binary) 
BUSY/READY (0/1, respectively) 
INHIBIT (0 = freeze, 1 = convert) 
5. DANA/EIP Model 351 D Microwave Counter 
DATA (GPIB Per IEEE STD 488-1975, 11 digits) 
EXTERNAL PROGRAMMING (Resolution, Band Select, IF offset, Gate Time) 
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TABLE VI 
PERTINENT HP-9825 INTERFACE CHARACTERISTICS 
1. Up to 23K bytes of Read/Write Memory with Extended I/O ROM 
2. The HP 98032A provides either two 8-bit bytes or a 16-bit word binary 
interface. Accepts READY/BUSY logic via RFLG line, outputs INHIBIT 
logic over PCTL line. Transfer rate under Formatted Read/Write up to 
50k words/sec., transfer rate for DMA up to 200K words/sec. Bidirectional 
transfer. 
3. The HP 98033A consists of 43 lines for 10 BCD digits, a mantissa sign 
indicator, an exponent sign, and an overload indicator. Provides 
signal to device that reading is to be taken, accepts data valid flag 
from device. Data transfer rate up to 3100 readings per sec. using 
Extended I/O ROM (0.3 msec per data transfer). In addition, can operate 
under INTERRUPT. No buffer storage, therefore data must be "held" 
by device until transfer is complete. Unidirectional transfer. 
4. The HP 98034A, or the HP-IB, is HP's implementation of the IEEE 488-
1975 interface for programmable instrumentation. Full handshake and 
interface control capabilities are provided. Up to 15 devices can be 
controlled by a single interface. Sixteen lines carry data and control 
information in byte-serial fashion. Transfer rate is up to 55K bytes/sec. 
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each phase, amplitude, and frequency sample. Thus, the maximum data rate 
becomes 40 Hz (4 	100 msec). RADC has indicated that one particular 
application of this system will be antenna testing over a 500 MHz range 
centered at 3400 MHz. For this application, assuming a frequency sampling 
interval of 10 MHz leads to 50 frequency sample points. Thus, for each 
spatial antenna position, 200 data points (4 per frequency x 50 frequencies) 
must be recorded. In the spatial domain, the size of the sampling interval 
should vary with the angular region to be covered. For a full + 180 
degree pattern, 0.5 degree sampling may be sufficient. Of course, for high 
resolution pattern information, finer sampling will be required. The 0.5 
degree sampling for + 180 degrees requires 720 spatial points. The total 
data points required per 360 degree pattern is then (200/spatial point x 
720 spatial points) 144,000 points. Since the tape storage capacity of 
the HP9825A controller is. 250,000 eight-bit words, some auxiliary storage 
would be required to record one spatial pattern with the above assumed 
sampling intervals over the spatial and frequency ranges indicated. These 
sampling parameters are summarized in Table VII. 
The accuracy of the measurement system is influenced by a number of 
factors, some of which are listed below. Since these factors have been 
previously discussed in Reference 2, only the influence of the breadboard 
system itself will be discussed in detail here. 
The measurement system accuracy is dependent on the following factors: 
1. Reference antenna calibration accuracy, 
2. Impedance match, 
3. Receiver measurement accuracy, 
4. System stability and repeatability, including modulation 
reference system stability, 
5. Dynamic errors, and 
6. Random noise and signal/noise ratio. 
Several methods for calibrating the reference antenna have been discussed 
in Reference 2. Since the test antenna measurement accuracy will depend 
on the reference antenna calibration accuracy, to obtain highly accurate 
test results, a highly accurate calibration method must be used. 
Mismatch errors during tests can be caused by reflections at the various 
interconnections. The magnitude of amplitude losses and phase uncertainties 
can be calculated if the reflections are known. Since the measurement system 
must operate over a broad frequency range, it will probably be necessary to 
use precision attenuators or broadband isolators to avoid multiple reflections. 
Care must be exercised to prevent errors from RF to IF leakage between 
channels, pickup of internal reference signals, amplifier non-linearities, 
etc. Particular care must be exercised with the RF circuitry to minimize 
errors due to cross talk between channels. Excessive rates of amplitude 
and phase variation must be avoided during measurements. 
TABLE VII 
ILLUSTRATION OF POSSIBLE SYSTEM LEVEL 
DATA AND SAMPLING PARAMETERS 
1. Assume new frequency point each 100 msec (record phase, 
amplitude, frequency, spatial position). 
2. Frequency measurement range of 500 MHz centered at 3400 MHz. 
Frequency sampling each 10 MHz requires 50 frequency samples. 
3. 100 msec per frequency and 50 frequencies implies 5000 msec 
or 5 sec measurement time per spatial position. 
4. Assume spatial sampling each 0.5 degree for + 180 degrees, 
requires 720 spatial points. Total data words per pattern is 
then 4 x 50 x 720 = 144 K words. 
5. Peak data base is 4 	100 msec = 40 Hz. HP 9825A tape capacity 
is 250 K bytes, read/write memory up to 23 K bytes. 
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For group delay measurements in which standard and test antennas are 
interchanged, the system must have good long-term stability in order not 
to require frequent recalibration of the system. Based on experience with 
the Series 1750 system, phase and amplitude stability of 0.5 ° and 0.2 dB 
over a 20-3B range for a period of one to four hours appears reasonable 
for operation at a relative constant temperature after warm-up. Dynamic 
errors which would occur from scanning frequency while continuously rotating 
the antenna can be avoided. The frequency can be stepped and the dwell 
time adjusted (as previously discussed) to provide the maximum accuracy. 
The impact of receiver measurement accuracy and system noise is as 
follows. Receiver measurement accuracy is summarized in Table VIII. The 
Dual and Shared Mode specification under Dynamic Range refer, respectively, 
to a configuration in which the test and reference receiver inputs are through 
separate mixers and to a configuration in which these inputs are through a 
common time-shared mixer. The amplitude and phase accuracy specification 
specifically do not include the effects of temperature variation, channel 
crosstalk, and system noise. For a 60-dB dynamic range, the maximum receiver 
amplitude and phase errors are + 0.5 dB and 2.50 degrees, respectively. 
Typical errors due to temperature changes are shown in Table IX. Typical 
errors due to channel crosstalk and system noise are shown in Figure 8. 
2/, 
TABLE VIII 
SUMMARY OF SCIENTIFIC-ATLANTA SERIES 1770 
RECEIVER SPECIFICATIONS 
SENSITIVITY: 	Frequency (GHz) Signal Channel (dBm) APC (dBm) 
.1 to 2 -110 -70 
2 to 4 -104 -65 
4 to 8 - 98 -60 
8 to 12.4 - 94 -55 
12.4 to 18 - 90 -50 
TRACKING RATE: Up to 10 GHz/sec 
DYNAMIC RANGE: 60 dB in dual mode 
Shared Mode: 60 dB up to 8 GHz 
55 dB,8 to 12.4 GHz 
50 dB,12.4 to 18 GHz 
Assume Maximum Input of -30 dBm 
AMPLITUDE ACCURACY (excluding temperature, crosstalk and noise): 
+ 0.05 dB/10 dB + 0.11 dB on 20 dB range of display 
+ 0.05 dB/10 dB 0.20 dB on 80 dB range of display 
PHASE ACCURACY (excluding temperature, crosstalk, and noise): 
0.40 degree/10 dB + 1 count 
TABLE IX 
TYPICAL ERRORS DUE TO TEMPERATURE CHANGE 
Receiver IF System: Amplitude Stability: 
0.05 dB/ ° C 
Phase Stability: 
0.2 ° / ° C 
RF Cables: Insertion Loss (dB): 
0.2%/ ° C 
Phase Stability: 
Flexible Braided outer conductor with solid 
polyethylene dielectric 
-90 to -450 PPM/ °C 
Air dielectric, semi-flexible types 
+3.6 to 12.6 PPM/°C 
LEVEL DIFFERENCE BETWEEN CHANNELS (dB) 






0.01 	  
60 50 	40 	30 	20 	10 	0 
SIGNAL-TO-NOISE RATIO (dB) 




CONCLUSIONS AND RECOMMENDATIONS 
A. Conclusions  
A computer-controlled broadband phase-and-amplitude system is required 
to completely characterize an antenna in terms of both its broadband spatial 
patterns and its pulse responses. Such a system can provide all the 
necessary data to perform off-line diagnostics which define that antenna's 
frequency and time domain performance over a variety of operating parameters. 
An attractive feature of the broadband phase-and-amplitude system is that 
once the phase and amplitude data have been recorded, subsequent pulse dis-
tortion phase error and average pattern calculations can be performed for 
arbitrary pulse and phase modulations and bandwidths. Thus, unlike a time 
domain system, there is no requirement to repeat measurements for each 
application of interest. 
With the group delay type of phase measurement approach, a stable and 
accurate system can be achieved. With the system configuration which has 
been defined, in the general case, no phase reference or data links are 
required between the transmit and receive sites of the antenna test range. 
With locking of the group delay modulate and demodulate sources to a standard 
frequency broadcast (such as WWV), the need for special phase reference or 
data channels is avoided, thus making the system more flexible. The 
recommended breadboard demonstration system would utilize a coaxial 5-MHz 
link. 
B. Recommendations  
Realization of the desired computer-controlled phase-and-amplitude system 
will require system integration of a number of state-of-the-art components. 
In addition, the sideband processor must be developed. In addition to this 
hardware development and system integration, software for computer control 
must be developed. It is specifically recommended that an immediate program 
be initiated to perform the needed hardware and software development and 
the system integration to demonstrate the feasibility of the group delay 
type of phase-and-amplitude measurement system. For concept and hardware 
demonstration, a semi-automated approach can be utilized in which an operator 
controls certain parameters such as antenna scan. This approach will allow 
verification of the group delay technique while reducing the cost below 
that required for a fully automated system. 
Following system demonstration, an in-depth analysis and evaluation 
of the results should be conducted to determine system accuracy and define 
any needed refinements in the system. In addition, time domain laboratory 
measurements are needed to verify pulse distortion effects predicted from 
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measured phase and amplitude data. Further tasks which should be conducted 
include (1) definition of the application of these system to evaluation of 
a wide range of both active and passive radar and communication systems 
components and (2) development of analytical tools for calculation of transient 
antenna radiation phenomena from measured phase and amplitude data. These 




1. Breadboard system for demonstration of phase-and-amplitude antenna 
measurements. 
a. Develop hardware components as needed. 
b. Develop software for breadboard system. 
c. Integrate and checkout breadboard system. 
d. Demonstrate system. 
e. Evaluate and analyze results. 
2. Validate pulse distortion predictions through laboratory measurements. 
3. Investigate applications of phase-and-amplitude system to variety of 
microwave components. 
4. Define applications of phase-and-amplitude system in transient analysis. 
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